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1 Introduction

One of the open issues on the PDCCH uplink and downlink assignment design is the signaling of the transport format for PUSCH and PDSCH. Since this PDCCH overhead is quite significant, it is important to define an efficient transport format signaling. Therefore, this contribution contains a proposal of an HSDPA‑like Transport Block Size (TBS) generation scheme to reduce the number of required TFI bits and to improve the transport block padding efficiency. This includes an analysis of the MAC padding overhead depending on the number of Transport Format Indicator (TFI) bits

It should be noted, that we address the relation of the resource allocation and transport format signaling and the joint coding of transport format and redundancy version in accompanying contributions [1]

 REF _Ref187548733 \r \h 
[2]

 REF _Ref187548736 \r \h 
[3].

2 Transport format signaling

The transport format for the uplink and downlink data transmission on PUSCH and PDSCH is defined by the resource allocation information, the Transport Block Size (TBS), the Modulation and Coding Scheme (MCS) and, additionally, by the multi‑antenna related and HARQ information [5]. 

This contribution focuses on the signaling of the TBS and MCS related information, which could be signaled by the following alternatives:

(a) Signaling of the TBS and explicit signaling of the modulation scheme

(b) Signaling of the MCS, i.e. code rate and modulation scheme

(c) Signaling of the TBS only

(d) Signaling of the Spectral Efficiency (SE) only

In an accompanying contribution [1], we propose that the Transport Format Indicator (TFI) signals the TBS (as in HSDPA) without an explicit signaling of the modulation scheme (alternative (c) above). This allows using an HSDPA‑like TBS generation scheme and saving the modulation scheme bits.

In the next section we provide a scheme to reduce the number of TFI bits and to improve the transport block padding efficiency. 

3 Proposed scheme

3.1 Basic principle

In RAN1#48bis it has been agreed in [6] that aggregation sizes of 1, 2, 4, and 8 CCEs are used for mapping the PDCCHs onto the CCEs, where QPSK is used and the resulting code rates should be around 1/12, 1/6, 1/3 and 2/3. This allows for a coarse link adaptation of the PDCCH and helps to reduce the dynamic range for the link adaptation by the transmit power control.

Assuming the same PDCCH payload size, larger aggregation sizes (lower code rates) will be used to address cell‑edge UEs and smaller aggregation sizes (higher code rates) will be used to address cell‑center UEs. Additionally, assuming that on the PUSCH and PDSCH cell‑edge UEs transmit/receive data mapped on the lower range of the MCS levels and cell‑center UEs transmit/receive data mapped on the higher range of the MCS levels, it is logical to link the PUSCH/PDSCH related TBS, MCS or SE related signaling to the CCE aggregation size. This behavior is shown by a system level analysis in Figure A1 in the Annex, which is taken from [4].

Figure 1 shows the basic principle in case of signaling the MCS level or the Spectral Efficiency (SE) according to alternatives (b) and (d) as defined in section 2. For a given CCE aggregation size the MCS/SE signaling field addresses a sub-range of the globally defined MCS/SE range. Since an allocated UE is aware of the CCE aggregation size of its PDCCH (due to successful decoding), it knows how to interpret the signaled MCS/SE field.

Additionally, the MCS/SE levels within a sub‑range may be signaled with different granularities. E.g. the MCS/SE levels at both edges of the sub‑ranges may be less likely to be employed when a certain CCE aggregation size is used on the PDCCH, therefore, a coarser MCS/SE granularity at both edges may be sufficient. This allows for a finer granularity of the predominantly selected MCS levels, which reduces the MAC padding loss.

Figure 2 shows the respective example for signaling the TBS according to alternatives (a) and (c) as defined in section 2.

The following subsection describes the details of the proposed scheme in case the TFI signals the TBS according to alternative (c), which is proposed in [1].

In [8], we propose that a UE should only monitor a subset of the defined CCE aggregation sizes in order to reduce the UE complexity due to the number of blind PDCCH decodings. It should be noted that the proposed scheme in this contribution works irrespective of the adoption of the proposal in [8].
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Figure 1 – CCE aggregation dependent MCS/SE signaling (definition of sub‑ranges are examples)
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Figure 2 – CCE aggregation dependent TBS signaling (definition of sub‑ranges are examples)
3.2 Details of the TBS generation scheme

This section describes the proposed TBS generation scheme based on the basic principle above and based on the scheme used in HSDPA [7], which provides a constant relative MAC padding across all TBSs. 

The TBS L(ki + k0,i) is defined as follows:
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with
Lmin
defining the minimum TBS

k0,i
depending on the RB allocation size

ki
depending on the value of the Transport Format Indicator (TFI) signaled on the PDCCH and depending on the CCE aggregation size of the respective PDCCH

Unlike in HSDPA it is not necessary that k0,i depends on the modulation scheme, since we assume that the modulation scheme is not explicitly signaled on the PDCCH [1]. Moreover, k0,i can and should be defined independent of the system bandwidth, i.e. k0,i would be defined for 20 MHz and for smaller system bandwidths subsets of the defined k0,i would be used.

In the approach above it is assumed that k0,i depends on the RB allocation size. Alternatively, k0,i could be defined for a single (fixed) RB allocation size and the resulting TBSs could be scaled with the actually allocated number of RBs. The TBS may scale proportionally or slightly overproportionally in order to account for increasing coding gains with increasing allocation sizes. In both cases, the TBSs should be aligned with the CQI feedback definition in order to have a testable CQI definition.

Assuming that M TBSs are defined per RB allocation size and the TFI consists of log2(N) bits, for a given PDCCH N out of M TBSs can be addressed. As introduced in section 3.1, the N TBSs depend on the CCE aggregation size. Further, the N TBSs are defined such that a sub‑range and different TBS granularities within the M TBSs values are addressed. E.g. if  M = 16 (range of values for ki is [0,15]) and the TFI consists of 3 bits, then each PDCCH can address 8 out of 16 TBS values, e.g. like follows:

· CCE aggregation size = 8: 
ki = 0,2,3,4,5,6,7,9 

· CCE aggregation size = 4: 
ki = 1,3,5,6,7,8,10,12 

· CCE aggregation size = 2: 
ki = 4,6,7,8,9,10,11,13 

· CCE aggregation size = 1: 
ki = 7,9,10,11,12,13,14,15

The TBSs addressed by the different PDCCH CCE aggregation sizes are shown in Figure A1 in the Annex.

3.3 Issues to be considered

As partly mentioned in [9] the following issues need to be considered: 

· Allocation of very small TBSs with PDCCHs mapped on small CCE aggregation sizes (large PDCCH MCS level):

· Due to the variable TBS granularity a large TBS range can be covered by each CCE aggregation size, i.e. reasonably small TBSs can be addressed even with small CCE aggregation sizes.

· Scheduler flexibility: In some cases the scheduler may want to utilize remaining CCEs to schedule an additional UE resulting in a non-appropriate CCE aggregation size. The following two cases are identified:

· Less CCEs than appropriate are left (e.g. 2 CCEs left and an additional cell‑edge UE should be scheduled): Due to the variable TBS granularity a large TBS range can be covered by each CCE aggregation size, i.e. reasonably small TBSs can be addressed even with small CCE aggregation sizes. We assume this to be a rare case, since in most cases there will not be sufficient transmit power available to boost the power for the remaining few CCEs in order to reach the cell‑edge UE.
· More CCEs than appropriate are left (e.g. 8 CCEs left and an additional cell‑center UE should be scheduled) There is no need to use more CCEs than needed (appropriate). In case the PDCCH should be made more reliable the remaining transmit power can be used for additional power boosting of the used CCEs. Similarly to above we assume this to be a rare case.

· A UE decoding a PDCCH with less CCEs than aggregated, i.e. the UE would have a wrong understanding of the signaled TBS: This would be possible in case the CCE aggregation is achieved by repetition of CCEs. However, due to performance reasons, in our view the different CCE aggregation sizes are achieved by rate matching using a circular buffer and, additionally, channel interleaving is performed across all aggregated CCEs (full PDCCH). Therefore, the UE should always decode a PDCCH with all CCEs used for aggregation by the eNodeB.

4 MAC padding overhead analysis

RLC PDUs may have any (byte-aligned) size, which requires MAC layer to perform padding in order to fit the MAC PDUs to the TBSs. Therefore, the definition and granularity of the TBSs defines the required MAC padding. This section provides a transport block padding overhead analysis for CCE aggregation non‑dependent and for CCE aggregation dependent TBS generation. Table 1 lists the assumptions used for the analysis. Table 2 shows the MAC padding overhead for the CCE aggregation non‑dependent case for 3 to 8 TFI bits. Assuming that an average MAC padding overhead in the range of 2-5% would be acceptable, 5 to 6 TFI bits are required. Table 3 shows the MAC padding overhead for the CCE aggregation dependent case for 3 to 7 TFI bits. It can be seen that with 1 bit less for the TFI a smaller padding overhead is realized. It is important to note, that additional gains can be expected if different TBS granularity levels are implemented, which is not considered in the current analysis. This may allow saving 2 TFI bits with respect to the CCE aggregation non‑dependent case while achieving the same MAC padding overhead.

The ki values in Table 3 are selected based on the results shown in Figure A2 in the Annex, which is taken from [4].

The averaged MAC padding overheads in Table 2 and Table 3 are weighted by the PDF of the selected PDSCH MCS levels and by the PDF of the selected CCE aggregation sizes according to Figure A2.

Table 1. MAC padding analysis assumptions
	Parameter
	Assumption/Value

	System bandwidth
	5 MHz (25 RBs)

	REs per RB
	120

	Minimum MCS level
	QPSK rate ~1/8, TBSmin (1 RB) = 32 bit

	Maximum MCS level
	64-QAM rate ~5/6, TBSmax (1 RB) = 600 bit

	k0,i values
	Depending on number of TFI bits

	TBS and RB dependency
	TBS for a given signaled TBS index scales linearly with the RB allocation size


Table 2. Padding overhead for ki not depending on CCE aggregation
	Number of TFI bits
	Average (weighted) padding overhead [%]
	Average (weighted) maximum padding overhead [%]
	ki

	3
	17.16
	34.45
	[0,…,7]

	4
	8.95
	18.05
	[0,…,15]

	5
	4.47
	9.10
	[0,…,31]

	6
	2.22
	4.58
	[0,…,63]

	7
	1.07
	2.30
	[0,…,127]

	8
	0.51
	1.16
	[0,…,255]


Table 3. Padding overhead for ki depending on CCE aggregation
	Number of TFI bits
	Average (weighted) padding overhead [%]
	Average (weighted) maximum padding overhead [%]
	ki
	
Number of TFI bits in case of CCE aggregation non‑dependent) 

	3






	8.04


8 CCE: 8.89
4 CCEs: 8.86
2 CCEs: 8.92
1 CCE: 7.16
	16.21


8 CCE: 18.05
4 CCEs: 17.91
2 CCEs: 17.97
1 CCE: 14.39
	
8 CCEs: [0,…,7]
4 CCEs: [2,…,9]
2 CCEs: [4,…,11]
1 CCE: [8,…,15]
	4







	4






	4.07


8 CCE: 4.41
4 CCEs: 4.41
2 CCEs: 4.46
1 CCE: 3.68
	8.26


8 CCE: 9.11
4 CCEs: 9.03
2 CCEs: 9.07
1 CCE: 7.42
	

8 CCEs: [0,…,15]
4 CCEs: [4,…,19]
2 CCEs: [8,…,23]
1 CCE: [16,…,31]
	5







	5






	2.03


8 CCE: 2.15
4 CCEs: 2.17
2 CCEs: 2.21
1 CCE: 1.86
	4.18


8 CCE: 4.58
4 CCEs: 4.55
2 CCEs: 4.57
1 CCE: 3.78
	

8 CCEs: [0,…,31]
4 CCEs: [8,…,39]
2 CCEs: [16,…,47]
1 CCE: [32,…,63]
	6







	6






	0.99


8 CCE: 1.00
4 CCEs: 1.03
2 CCEs: 1.07
1 CCE: 0.92
	2.10


8 CCE: 2.30
4 CCEs: 2.28
2 CCEs: 2.29
1 CCE: 1.91
	

8 CCEs: [0,…,63]
4 CCEs: [16,…,79]
2 CCEs: [32,…,95]
1 CCE: [64,…,127]
	7







	7






	0.47


8 CCE: 0.43
4 CCEs: 0.47
2 CCEs: 0.50
1 CCE: 0.45
	1.06


8 CCE: 1.16
4 CCEs: 1.15
2 CCEs: 1.15
1 CCE: 0.97
	
8 CCEs: [0,…,127]
4 CCEs: [32,…,159]
2 CCEs: [64,…,191]
1 CCE: [128,…,255]
	8








5 Conclusion

In this contribution the PUSCH and PDSCH transport format signaling on the PDCCH is discussed. Since the PDCCHs for the uplink and downlink assignments cause significant downlink overhead, it is important to specify an efficient scheme for the Transport Format Indication (TFI field). Therefore, based on the analysis in this contribution, we propose the following:

· The interpretation of the TFI field depends on the CCE aggregation size of the PDCCH such that

· within each PDCCH a specific sub‑range of the globally defined TBS range is signaled

· different TBS granularity levels are defined 
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Annex
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Figure A1 – CCE aggregation dependent TBSs with  (a), (b), (c) and (d) showing TBSs for 8, 4, 2 and 1 aggregated CCE(s) respectively
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Figure A2 – Histogram of PDSCH MCS levels and corresponding PDCCH CCE aggregation sizes [4]
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